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Abstract 
The manufacturing supply chains, designed for delivering the best to the customer should operate by following systems approach, 
where planning and execution are strategically carried out protecting the interests of each stakeholder. Supplier Development 
(SD) is one such sourcing strategy that a manufacturing company devise to strengthen its critical but fragile supply base, 
portraying mutual interests in the formulation. However in reality, many companies even though capable enough in conceiving 
and materializing their SD strategies yet, are miserably falling short off due to tremendous misdirected flow of resources. Often, 
the bitter experiences from the results due to misdirected SD efforts, the companies are pushed to draw wrong conclusions and 
inevitably search for other misdirected efforts without addressing the root cause impediments. In concrete, the misdirection in SD 
has its deep roots along various tangible and intangible issues of the operation field. Therefore, a manufacturer needs to bring 
these issues to the surface, critically analyze and uproot them for smooth development of its supply base strength. In this paper, a 
methodology is proposed using Interpretive Structural Modeling (ISM) - Fuzzy Matriced Impacts Croises Multiplication 
Appliqueeaun Classement (FMICMAC) algorithm for systematic analysis of impediments of SD. To demonstrate its utility, a 
case study was conducted in an Indian manufacturing company and the proposed methodology is applied to it in order to explain 
the salient features of the concept. 
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1 Introduction 
In today’s highly competitive business arena, manufacturing firms cannot afford to run in silos but they must 
adopt systems approach and gain competitive advantage over others [1]. This is because the ability to compete is no 
more only limited to the manufacturer but also dependent on the other supply chain partners, especially on suppliers. 
Since the competition is not between the firms but between the supply chains [2], it is inevitable for a focal 
manufacturing firm to lookout for its supply chain partners in order to derive competitive inputs and services [3]. 
Moreover, this dependency to compete has been growing more and more as many firms are increasingly opting to 
outsource and focus more upon their core competencies [4]. Owing to this divided competency and increasing 
dependency on the suppliers, manufacturers are confronted with opportunities as well as threats and emergencies 
posed by their supply chain partners. In order to take advantage of the opportunities created and offered as well as 
mitigate the threats posed from the supply side, manufacturer adopts many supply management strategies. Among 
these strategies, manufacturer often adopt SD, wherein manufacturer takes numerous initiatives to assist its suppliers 
and make them capable to meet its various objectives [5]. However, in spite of manufacturer’s endeavors to assist its 
suppliers, it is most frequently challenged by various impediments in implementing SD Programs (SDPs) [4,6]. 
These impediments are variegated and explicit to specific environments. Moreover, often there exists complex 
relationship between these impediments leaving the manufacturer clueless which one to focus. So, standard 
approaches to overcome SD Impediments (SDIs) in general do not help the manufacturing firms. This is often why 
many manufacturing firms complain or conclude that SD is not the right strategy they should have chosen. In fact 
many manufacturing firms quickly come to this type of conclusions that nothing materialize for their firm and 
develop strong resistance for transformation. Indeed any kind of strategy turnout unsuitable unless right impediments 
are identified and root cause among them are addressed. However, many at times manufacturing companies fail to 
identify the right ones to focus due to complex and chaotic relationship amidst them. Thus, considering all the 
aforementioned issues, this paper attempts to propose an approach to identify the right impediments to focus and 
monitor for smooth running of SDPs. 
The paper is organized as follows: section 2 presents the literature review conducted on significance of SD and 
SDIs; section 3 presents the proposed methodology to find root cause impediments; section 4 deals with analysis of 
SDIs using the proposed methodology applied to an Indian manufacturing company; section 5 interprets the results 
and presents the discussions and Section 6 shows the conclusions drawn from the interpretation of the results. 
2 Literature review 
    From the past few years, SD has acquired lot of significance and it is continuously evolving with innovative ways 
of improving supplier’s performance in meeting manufacturer’s requirements. Leenders [7] was first to mention the 
term “Supplier Development” (SD). The SD has been defined and studied by various researchers, academicians and 
practitioners in different situations [4,7,8,9,10,11,12,13,14,15] with a central focus of enhancing the capability of the 
supplier with an aim to create win-win environment between manufacturer and suppliers. It improves the 
performance of the supplier in multi-dimensions like enhancement of quality; improvement in delivery; reduction of 
cost; transfer of knowledge; enhancement of technological and product design capability; better service; supplier 
innovation capability and better time to market [16,17,18,19,20,21,22,23]. However successful implementations of 
SDPs are obstructed by various SDIs. Since, SDPs adopted for improving suppliers’ performance in meeting 
manufacturer’s requirements must be strategically planned and executed. Not all the suppliers need to be developed 
[24], as some suppliers may not be supplying critical and strategic items and even if so, suppliers may not be 
oligopolistic in nature, in that case manufacturer can choose supplier switching [25]. Sometimes suppliers may be 
well to do but less inclined in serving the manufacturer because of low preferential status ascribed to the 
manufacturer [26]. Suppliers may be truly incapable in meeting manufacturer’s requirements but may be supplying 
very innovative items, and then in that case manufacturer may choose acquiring supplier’s technology [4]. Along the 
running timeline of SDPs, suppliers once who were incapable would have become capable enough or still incapable 
in meeting manufacturer’s requirements at different degrees, which calls for proportionate SD efforts to be adopted. 
Sometimes other factors like supplier-manufacturer relationship life cycle, product and process life cycles, 
technological change, manufacturer and (or) supplier’s changing interests with respect to their customers’ 
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requirements, increasing level of competition…etc., may call completely different set of SD initiatives to be 
proposed. Thus, it’s a great challenge for a manufacturer to understand the system’s dynamics and strategically 
decide for successful implementation of SDPs. However, the need for transformation can be determined through 
proper supplier performance evaluation and feedback systems. Once it is identified that the current system is no 
more valid then, the manufacturer will have to identify the changes in impediments or include new impediments 
hindering SD progress. In this process, identifying the right root cause SDIs is important to a manufacturer for 
mitigating the SDIs on the whole. This is because unless the root cause SDIs are identified and addressed, other SDIs 
keep on arising even though they are addressed. However, the root cause SDIs can only be identified and addressed 
through complete understanding of SDPs along various dimensions like its characteristic variables, performance 
variables, operating conditions, internal and external constraints etc. Although many researchers have pointed out 
much regarding various SDIs that companies come across while implementing SDPs, there are no many studies 
available viz. studies that categorically identify and address the root cause impediments that a manufacturing 
company has to dynamically focus for smooth running of SDPs. This process has to be timed in practice by the 
manufacturer for moving ahead of the competition and eventually to become the leader. Following SDIs were 
chosen for analysis in the current study, Lack of Mutual Trust (LMT) [49,50,51,52,59,60], Poor Communication and 
Feedback systems (PCF) [53,54,55,56,59], Lack of Adaptability (LAT) [57], Mismatch in Goals and Objectives 
(MGO) [51,58,59], Lack of Top management Commitment (LTC) [5, 54, 59, 60], Poor Profit and Risk sharing 
mechanisms (PPR) [5,59], Poor Devolution of Authority(PDA) [18], Poor Technology and Knowledge 
transfer(PTK) [5], Poor Conflict Management (PCM) [56,61,62], Lack of Total cost Perspective (LTP) [64,65], Lack 
of Coordination (LCD) [66], Lack of Compatibility (LCT) [discussion with experts], Lack of Turnout Time (LTT) 
[discussion with experts], Employee Attrition Rate (EAR) [discussion with experts]. In the next section, the 
methodology of the process to be practiced is discussed in detail. 
3 Methodology 
    The aim of the proposed methodology is to obtain root cause impediments under different categories (i.e. from 
supplier’s side/ manufacturer’s side/ from both the sides/ from external environment/ others) and facilitate the 
manufacturer to construct action plans accordingly to overcome these SDIs. The methodology initiates with 
identification of major categories from which large number of impediments arouse in the implementation of SDPs. 
Then under each category, generic set of SDIs are to be identified, screened and subjected to further analysis. For 
analyzing and establishing the relationship between SDIs under each category, the ISM integrated with FMICMAC 
algorithm is used, programmed in MATLAB 7.10.0 (R2010a). The step by step procedure of ISM and FMICMAC 
algorithm is presented in the section 3.2. Inputs from the experts are taken at two stages (i.e. in first stage on binary 
scale and in second stage on fuzzy scale). In the first stage, the Contextual Relationship Matrix (CRM) among the 
right SDIs under each category is developed on the basis of team of multiple experts’ judgments (see section 3.2.1). 
The CRMs under each category is fed into the ISM algorithm coded in the MATLAB. The CRMs subsequently get 
transformed as per the steps in the ISM algorithm, mentioned in the section 3.2.1. The ISM algorithm gives outputs 
to draw fruitful insights in terms of driving and dependence powers of each SDI, relationship between SDIs, level 
partitioning of SDIs, structural/ ISM model and classification of SDIs. The results obtained from the ISM algorithm 
give certain understandings regarding SDIs however, to improve their analysis; ISM is integrated with FMICMAC 
analysis giving the experts enough degrees of freedom in expressing their views. The same team of experts 
consulted for developing CRM must be asked to express their views regarding the possible strength of relationship 
between SDIs. This is the second stage of inputs taken from the experts. The following sections detail the proposed 
methodology for analyzing the SDIs. 
 
3.2 ISM – fuzzy MICMAC methodology for analyzing SDIs 
    Stringent studies must be employed for the analysis of SDIs such that type of relationships (influencing/ 
influenced/ both / none) between them and significance of relationships (ranking in terms of influencing and 
influenced) are determined which in turn will provide more insights in SDP implementation. In the current study, 
ISM integrated with FMICMAC is chosen and the following sections will also justify its adoption.   
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3.2.1 ISM Algorithm 
    ISM methodology has the ability to draw the order and direction of relationships among impediments/barriers/ 
obstacles of a complex system [27]. ISM is a qualitative tool used by a number of researchers in various 
environments i.e. green SC management [28,29, 30, 31,32,33,34], supply management [35, 36], logistics [37, 38], 
SC risks [39], barriers to corporate social responsibility [40], selection of best SC practices [41]; barrier analysis for 
product service system [42], enablers of SC competitiveness [43], barriers of SC collaboration [44]; energy 
conservation [45], quality management [46], modeling success factors in national R & D organizations [47], 
enablers for integration in SC management [48] etc. In the current study the relationships between the SDIs have to 
be studied in terms of driving and dependence powers in SDP environment in order to implement SDP effectively. 
Therefore, ISM methodology is adopted to know these relationships among the SDIs and develop a structural 
framework of SDIs for SD. The ISM methodology used in this paper is discussed below: 
Step-1 The irredundant, properly accounted, relevant and significant SDIs are considered to develop Structural 
Self-Interaction Matrix (SSIM) based on contextual relationships among the SDIs. These contextual relationships 
show the way they are related to each other in the manufacturing SC environment where the study is carried out. 
They are created considering the experts’ judgment. Four symbols (A: SDI ‘j’ leads to SDI ‘i’; V: SDI ‘i’ leads to 
SDI ‘j’; X: SDI ‘i’ leads to SDI ‘j’ and SDI ‘j’ leads to SDI ‘i’ and O: No relationship between SDI ‘i’ and SDI ‘j’) 
are used for the type of the relation that exists between the SDIs (‘i’ and ‘j’). 
Step-2 The Initial Reachability Matrix (IRM) is developed by converting SSIM into a binary matrix, substituting 
V, A, X and O by 1 and 0 [5].  
Step-3 The Final Reachability Matrix (FRM) is developed from IRM considering transitivity in the contextual 
relations of SDIs. Transitivity in the relationship is determined as follows: if SDI “i” is related to SDI ‘j’ and SDI ‘j’ 
is related to SDI ‘k’, then SDI ‘i’ is related to SDI ‘k’. Then the (i, k) entry in the FRM becomes 1*.  
Step-4 Driving and dependence power of each SDI is determined by taking summation of the elements along the 
rows and columns of FRM respectively. The SDIs are ranked on the basis of driving and dependence powers.  
Step-5 The level partitions are developed by segregating FRM into different levels. It starts with developing the 
reachability and antecedent sets for each SDI from the FRM. The reachability set of a SDI contains factor itself and 
other factors to which it may reach whereas antecedent set contains SDI itself and other SDIs, which may reach to it. 
The SDIs for which the reachability and intersection sets are same, occupy the top-level in the ISM hierarchy. The 
top-level SDIs are separated out from the initial set of SDIs and then the process is repeated until all the SDIs are 
assigned to a level. 
Step-6 From the obtained level partitions a lower triangular matrix or canonical matrix is developed. It is just 
another form of FRM in which SDIs are positioned and clustered according to their level. This canonical matrix 
forms the basis for developing a directed graph called as digraph. If there is a relationship between SDI ‘i’ and SDI 
‘j’, this is shown by an arrow which points from SDI ‘i’ to SDI ‘j’. 
Step-7 The structural model of SDIs is generated by eliminating the transitivity links in the diagraph (obtained in 
the step-6) and considering the level partitions (in step-5) and FRM (in step-4).  
Step-8 The structural model of SDIs developed in Step-7 is reviewed for conceptual accuracy. If it is not 
conceptually accurate, then go to Step-1. 
Step-9 Based on the driving and dependence powers obtained in the step-4, MICMAC/ Fuzzy MICMAC is 
analysis can be carried out (see section 3.2.2).   
3.2.2 Fuzzy MICMAC Analysis 
    Although MICMAC analysis can classify SDIs, there is a limitation in the process. Since the relationships 
between SDIs are recorded in terms of binary values (either 0 or 1), there is no enough degree of freedom for experts 
in expressing the strength of relationship between the SDIs. To resolve the above issue FMICMAC analysis can be 
carried out. The steps mentioned below are to be followed to conduct FMICMAC analysis: 
Step-1 In the FRM (see step-4 of the ISM algorithm in the section 3.2.1), replace all the diagonal elements along 
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with the transitive relationships with 0’s to obtain a Binary Direct Relationship Matrix (BDRM). 
Step-2 Using the same experts’ judgments (see step-1 of the ISM algorithm in the section 3.2.1), the relationships 
between the SDIs in the BDRM should be recollected to obtain fuzzy Direct Relationship Matrix (FuDRM). 
Step-3 The FuDRM’s power is raised by fuzzy matrix multiplication (rule: C = max k {min (aik, bkj)} where A = 
[aik], B = [bkj]) till it is converged. The convergence point can be determined where the driving and dependence 
powers of SDIs are stabilized or cyclic in their variation with certain periodicity. 
Step-4 Based on the new driving and dependence powers obtained from the final converged matrix, driver 
dependence diagram is to be plotted (with dependence power along the X-axis and driving power along the Y-axis) 
and SDIs are to be classified in to four groups (i.e. autonomous having lower dependence and driver power, 
dependent having higher dependence and lower driver power, linkage having higher dependence and driver power 
and independent having lower dependence and higher driving power).  
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Flowchart of the proposed methodology for analyzing SDIs 
4 Implementation of proposed methodology in an Indian Automotive Component Manufacturing Company 
    An Indian automotive component manufacturing company was approached to implement the above proposed 
methodology for analyzing the SDIs. The company is a large scale manufacturer and a prominent supplier for many 
automobile companies in India and abroad. The case company is well known for its order winning capability and 
organizational culture. The company has a specific SD department with various SDPs running. Although at present, 
the company is able to bag orders and attract clients with its SDP initiatives nonetheless it has some serious 
problems under cover in SDP implementation. After holding detailed discussions with the people at operational, 
tactical and strategic levels involved in SD activities, some gross to subtle problems were uncovered which were 
seriously affecting the SDP’s effectiveness and company’s performance. A team of multiple experts (i.e. twelve) 
from the cross functional departments having more than 7-10 years of experience in the case company were brought 
on to a common platform. When discussed with the experts regarding the implementation of SDPs there were 
different aggressive opinions among the experts. Most of the experts expressed that though none of them deny the 
presence of problems at the suppliers’ side, manufacturer’s side, from both the sides together and some from the 
external environment, it was SDIs from both the sides are seriously affecting the SD efforts in the case company. 
Taking this concern particularly in to consideration, SDIs arousing from both the sides together were concentrated in 
Irredundant, relevant, complete and unidirectional SDIs 
Development of CRM on the basis of multiple experts’ judgments  
Input CRM to MATLAB code implementing ISM 
Obtain FRM, driving and dependence powers of each SDI and develop structural model 
Develop BDRM from FRM 
Develop FuDRM and input to MATLAB code implementing FMICMAC analysis 
Develop stabilized matrix to obtain different clusters of SDIs 
Analysis of clusters of SDIs and interpretation of results 
Identify and define the 
specific SDP environment  
Redundant, irrelevant, gross 
level insignificant SDIs  
Identification of SDIs through literature survey, brainstorming, and discussions with experts 
Screening 
tests? 
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the current study. The above proposed methodology and its objectives were explained to the company experts and 
were asked to give their opinions at two stages. The company experts were motivated with the proposed 
methodology and agreed to cooperate but repeatedly cautioned not to reveal the identity of the company. So, in 
order to protect the interests of the company, it is named as company ‘A’ in the current discussion. Initially, thirty 
SDIs were identified through literature survey, brain storming and experts’ opinions. These SDIs were subjected to 
the redundancy test to eliminate alike SDIs and obtained generic set of 20 SDIs. At this stage the experts’ team was 
asked to reflect about the company A’s SDP environment which churned out a range of issues while practically 
implementing SDPs. The generic set of 20 SDIs was discussed with the team of experts to check for accountancy, 
relevancy, and significance of SDIs whether or not the right list of SDIs are chosen for analysis. After going through 
the series of screening tests, it was concluded 14 SDIs mentioned in the literature review section were significant for 
the company’s SDPs implementation. For analyzing 14 SDIs, experts’ collective opinions were taken and further 
analysis was carried as mentioned in Section 3.  
5 Results and discussions 
    The results obtained after implementation of the proposed methodology as mentioned in section 4 are interpreted 
under four sections (i.e. level partitioning, development of digraph, development of ISM Model and SDIs 
classification). Each section is discussed in detail below.  
5.1  Level partitioning 
    Level partitioning is the basis for constructing ISM model of the system under study. In the current study, SDIs 
were leveled across four levels in four iterations. PCF is positioned in the level-IV and it is having high driving 
power while PPR, PDA and PTK at III level. These bottommost levels’ SDIs represent the impediments that can be 
assuaged easily as well as used to lessen the other SDIs located on the higher levels. The SDIs: LMT, LAT, MGO, 
PCM, LTT and EAR are positioned in the level-I and have high dependence power (i.e. closer to 14) with different 
driving powers. The SDIs positioned in this level represent the long standing subtle impediments due to which 
current SDP implementation process is obstructed. The SDIs positioned in the other levels can be treated as those 
which are to be tactically addressed in the SDP implementation process.     
5.2  Development of Digraph 
    From the FRM, structural model is developed by means of vertices or nodes and lines of edges. Along each SDI 
‘i’ if there is a relationship between SDI ‘i’ and SDI ‘j’ it is shown by an arrow pointing from ‘i’ to ‘j’. This graph is 
called as directed graph or digraph. This digraph is a complex presentation of all details of relationship between 
SDIs including transitivity links. This is the unrefined stage of ISM model which is very difficult to comprehend and 
derive interpretations.       
5.3  Development of ISM Model  
    The ISM model (see Figure-2) was generated after removing all the transitivity links present in between SDIs 
from the diagraph. SDIs in the structural model were arranged in the hierarchy as per the levels partitioned (see 
section 5.1 to know the significance of levels). Thus, the ISM model developed presents a directional framework for 
the case company in successfully implementing SDPs and gives clear mental picture of what experts think about the 
relationship between SDIs, their significance in improving SDP implementation process and the prime impediments 
to be addressed.   
5.4  SDIs Classification  
    The classification of SDIs for the case company was carried out through both MICMAC and FMICMAC 
analyses. The MICMAC or FMICMAC analyses are carried out on the basis of driving and dependence powers 
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however, results from FMICMAC analysis are presented in the current discussion. All 14 SDIs were classified into 
four clusters and their distribution is discussed as shown below:  
 
 
 
  
 
 
Fig.2  ISM model of Supplier Development Impediments 
 
Fig.3 FMICMAC Driver Dependence Diagram of SDIs 
LMT LAT MGO PCM LTT  EAR 
LTC LTP LCD LCT 
PPR PDA PTK 
PCF 
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Driver quadrant (High driving power, Low dependence power): The SDIs i.e. PCF, PPR, PDA, LTC, and MGO 
were clustered in driver/ independent cluster after taking opinions in terms of possible relationship strength. These 
SDIs have high driving capacity which means by addressing these SDIs other SDIs can be mitigated. These are the 
SDIs which have to be addressed at first. The case company can start its action with addressing SDIs i.e. PCF, 
followed by PDA, PPR, LTC and MGO.  
Autonomous quadrant (Low driving power, Low dependence power): Those SDIs which fall in this quadrant are 
relatively disconnected from the SDP implementation process. It was found that EAR and LTT of the 14 SDIs fallen 
in the autonomous cluster. Thus, it was concluded that, only 12 SDIs were relevant for the case company’s SDP 
environment which are obstructing SDP implementation process. 
Dependent quadrant (Low driving power, High dependence power): The SDIs i.e. PTK, PCM and LCD were 
clustered in the dependent quadrant. This signifies that these SDIs’ mitigation is mainly dependent on the other SDIs 
having the capacity to drive. The SDIs falling in this cluster represent that these are the impediments which cannot 
be addressed directly but through other SDIs. 
Linkage quadrant (High driving power, High dependence power: Out of 14 SDIs chosen, 3 SDIs (i.e. LCT, LAT 
and LMT) are grouped in this cluster having both high driving and high dependence power. Typically the SDIs that 
fall in this cluster can be attributed as unstable because they have feedback effect i.e. they get affected by their own 
action and so are difficult to manage. However, these SDIs cannot be ignored and have to be closely monitored 
regarding their status in making decisions. 
 
6  Conclusions 
SDP is an alternative which companies do consider to make its critical suppliers capable. However, many firms 
often fall short of wasting their SDP efforts in vain because of various SDIs. Many at times it happens that though 
employees of the firm are aware of SDIs, they do address yet the SDIs keep coming in the way of SDP 
implementation. This is because the root cause of SDIs are not identified and addressed. Thus, in the current study a 
methodology is proposed to resolve the aforementioned issue. For validating the utility, the proposed methodology 
is applied to an Indian automotive component manufacturing company and certain important conclusions were 
drawn. From the driver dependence diagram, it is clearly observed that not all the SDIs considered are relevant in 
implementing SDPs in the case company as two SDIs, EAR and LTT had fallen in the autonomous cluster. From the 
ISM model along with FMICMAC driver dependence diagram, PCF (at level-4 in Figure-2 as well as in driver 
cluster in Figure-3), PAD, PPR and LTC (at level-3 in Figure-2 as well as in driver cluster in Figure-4) can be 
inferred as root cause SDIs. To conclude from the ISM model, the PCF is the most influencing SDIs and can be 
considered as the strongest root cause for the other SDIs. Therefore, PCF of the manufacturer is the prerequisite for 
implementing SDP which the case company is seriously lacking. Thus, the strong PCF should be established for 
successfully implementing SDPs. Manufacturer and suppliers’ must develop good communication channels i.e. 
manufacturer’s requirements or initiatives must be clearly communicated through proper ways and collect feedback 
from the suppliers. Also, the case company must empower its employees through proper devolution of authority. 
The SDIs (i.e. LMT, LAT, MGO, PCM, LTT and EAR) at level-1 in the ISM model can be treated as subtle SDIs 
and their improvement can be achieved through other SDIs in the lower levels. The change achieved along these 
SDIs may not immediate and direct nonetheless the manufacturer must constantly pursue after root cause SDIs and 
gradually mitigate these SDIs. From the case study conducted, it can be concluded that the case company must 
devise action plans along the root cause SDIs and move towards eliminating hindrance of any sorts from these SDIs. 
The case company was pleased with the results obtained from this study, however these results cannot be 
generalized for all, as it is based on single Indian manufacturing company. But SC managers can apply the proposed 
approach for analyzing the SDIs with respect to their manufacturing environment reflecting their own case situations 
and priority considerations.  
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